The 
Introduction
Relatively little attention has been paid to the effect of shallow crustal normal faulting e.g., [Bradley and Kidd, 1991 ] and deeper ductile yielding on the shape of continental foreland forebulges. Most previous studies explain the first-order geometry of down-flexing continental basement in ancient, mature foreland basins e.g., [Karner and Watts, 1983] and their stratigraphic evolution e.g., [Coakley and Watts, 1991 ] using thin, elastic plate models which predict an upwarp (forebulge) of the order of 10 ] -102 km wide at the periphery of basins.
The net, effective lithospheric strength from foreland basins worldwide commonly has been expressed as the effective elastic plate thickness (FED which appears to be bimodally distributed around either weak (10-20 km) or strong (80-90 km) values [Watts, 1992] . Most of these studies have assumed a homogeneous lithosphere of constant strength in space and time.
When bending stresses exceed rock strength, the lithosphere can experience brittle and ductile failure (Fig. 1A-B) . For an initially strong foreland lithosphere, increased bending toward the orogen can reduce EET by at least half [Waschbusch and Royden, 1992] . Permanent deformation within the lithosphere, will modify the stress distribution and change the observed deflection of the yielding basement. Another -40% re. duction may occur if the mantle is decoupled from a failed lower crust [McNutt et al., 1988; Burov and Diament, 1995] . As a result of these rheological changes, the foreland basin can be- (Fig. 1A) . If the Moho, a surface within the elastic plate, parallels the surficial flexural topography, then forward modeling of the free-air gravity field can be used to verify the first-order geometry of the bending plate at depth.
Few seismic images exist across modem forebulges. [ McNutt, 1984] shows that at a given position along the plate EEF can be obtained from curvature and stored moment. For this study, curvature of the underthrust continent is calculated pointwise as the second derivative of the best-fitting flexure curve through the base Pliocene surface. Within the constraints of the rheological model we estimate the stored moment by integrating bending stresses numerically to 100 km. At this depth, given the assumed strain rate and geothermal gradient below, the mantle has 0 strength ( 
Geological Background
The Timor Sea area is a modem analogue for 'underfilled' foreland basins [Shanmugan and Lash, 1982] Since the Paleozoic, the Australian continental shelf has experienced multiple rifting events which created a series of isolated sediment-starved platforms (Londonderry Arch, Ashmore and Sahul Platforms) with intervening depocenters (e.g., Vulcan and Malita Grabens) (Fig. 2) . Jurassic-age rift basins trending ENE and NE on the outer shelf were developed at a high angle to an older (Late Devonian-Early Carboniferous) NW-trending fault system (Petrel Sub-Basin) [Gunn, 1988] A line interpretation of new seismic data collected to the SE of Timor (Fig. 2) shows many shallow normal faults that were created by reactivation of deeper Jurassic rift-bounding faults, Some faults appear to detach within Cretaceous units (Figs. 3   and 4) . Most reactivated faults terminate above, or near, a regional Base Pliocene unconformity [Boehme, 1996] (Fig. 3) , which constrains the end of the extension to latest Miocene/earliest Pliocene. Characteristically, in seismic images (e.g., Fig. 4) , the latest Miocene faults are steeper than the underlying planar-normal Jurassic faults with which they link, and together produce an apparent listric geometry. Jurassic faults are often traceable into the Triassic section and sole out into a discontinuous high-amplitude "top-Permian" reflector.
The base Pliocene unconformity provides a potential preflexural reference surface for forward modeling EET. Based on present-day convergence rates between Australia and Eurasia (Fig. 2) We tested separately EE-T gradients north and south of the Trough axis, and then adjusted the northern limit of the broken plate to improve the fit of the model to both the island topography and the Pliocene reference surface (Fig. 5A) 1A-B , 5B). Figure 5D shows that decoupling is needed for the weak case, to match the estimated EET gradient and values. The homogeneous 'strong' case does not fail internally into necessary independent layers. Although various models can be used to fit the gravity field, a flexural shape for the seafloor and Moho most simply explains the observed free-air anomaly (Fig. 5C ). In the model, the underthrust plate dips north -3 ø under the island load and ends-70 km north of the Timor Trough, just north of the island center (Fig. 5D ). Greater dips (>30 ø) are interpreted from seismic images east of Timor [Richardson and Blundell, 1996] but this geometry can not be reconciled with gravity field data.
Poorer fits to the data occur over the island load where the geometry of the structure is unconstrained seismically.
Discussion and Conclusions
In the Timor Sea, the shape of the base Pliocene surface may be explained by a lateral reduction in the EET through inelastic yielding and mechanical decoupling within the crust and be-tween the crust and mantle. In contrast, EET gradients across foreland basins have generally been attributed to inherited compositional and thermal differences [Wu, 1991] Our results rely on the accuracy of the known stratigraphic history of the foreland reference surface. For example, erosion can lower the forebulge amplitude (Fig. 5B) 
